INTRODUCTION
As all of commerce is converging on the Internet, the nature of business is changing rapidly. One of the main features of business on the Internet is the ability to transcend geographic boundaries. But along with the benefits of the widespread outreach of the virtual marketplace come many challenges. An example of such a challenge is to provide costeffective interchange across language and culture. Many organizations are confronted with the requirement of making their products or services available in multiple languages, particularly in their Asian and European markets. Internationalization of systems may involve enabling the input and display of non-English characters, changing default formats for date, time, currency, and measuring units, and using Unicode to handle the mix of European and Asian characters for complex operations such as rolling up data from multiple sites in many languages around the world 1 . While language technology (Nirenburg, 1992; Onyshkevych & Nirenburg, 1995; Sheremetyeva & Nirenburg, 1996) is making rapid progress, much research is needed in managing and accessing multilingual information in order to reach full potential of global electronic commerce (e.g., Malhotra, 1997 Malhotra, , 1998 .
The purpose of this research is to further the knowledge required for building information systems that operate in multiple languages. Specifically, we focus on studying user behavior in performing various tasks in a multilingual system. In order to study user behavior and performance in a multilingual electronic commerce setting, we have designed a bilingual electronic catalog which can be used by online retailers for selling products and/ or services to customers interacting either in English or Chinese.
An electronic catalog is a graphical user interface that presents product and/or service information to users, typically using the World Wide Web. An electronic catalog is a key component of electronic commerce that has been used for business-to-consumer commerce as well as business-to-business commerce (Adam et al., 1998) . Although the term "electronic catalog" might sound like an electronic extension of chapter catalogs, it offers features that are far beyond those found in chapter catalogs. Such features include computational services such as efficient browsing and searching, online order processing such as checking out products using shopping carts and secure payment mechanisms, and backend processing such as integration with company databases (Segev et al., 1995) . These features have extended the role of electronic catalogs to the point of being used as electronic storefronts.
With the rapid proliferation of electronic commerce both in local and global markets, there is an increasing need to provide support for internationalization such as foreign currencies, different date and time formats, sort order, and multiple languages (Broin, 1999) . The need for providing multilingual support is echoed by the rapid increase of non-English speaking users in the Internet.
The rest of the chapter is organized as follows. In the next section we describe the electronic catalog and its components. Next, we discuss issues related to language preferences by bilingual users, based on an experimental study. Next we discuss various issues in designing multilingual systems. The last section contains our conclusions and future research directions.
A BILINGUAL ELECTRONIC CATALOG Description of the Catalog
A prototype electronic catalog has been implemented in the World Wide Web using ColdFusion 4.0 as the front end, which is connected to a Microsoft Access database at the back end, using an ODBC driver. The catalog is composed of two identical interfaces in two languages: English and Chinese. Following the unified content model (Doherty, 1999) , the English interface has been translated element by element into the Chinese interface, with the only difference being the order in which the products are sorted.
The purpose of using the unified content model was to eliminate any presentation bias in user preferences. The front-end interface is shown in figure 1 , which shows two language options (English and Chinese) and two separate applications (Office Supplies and Food Market). Figures 2a-2b show the second-level interface that is invoked once a user selects the Food Market application in the English and Chinese versions, respectively. There are three modes of operations that a user can select in order to interact with the system: browsing mode, searching mode, and matching mode. In browsing mode, the user is looking at the products available in the catalog without having any specific item in mind, which is supported by the list box "Select the category:" in Figure 2a . In searching mode, the user is searching for a product class without having a specific item in mind, which is supported by the list box "Select the subcategory:" in Figure 2a . In matching mode, the user has a specific item in mind, which is supported by the text box "Search by keyword:" in Figure 2a . Once the user selects a category, all products in that category are listed at the next level interface, an example of which is shown in Figures 3a and 3b for the English and Chinese versions, respectively.
Figure 3a: Category selection in English Figure 3b: Category selection in Chinese
When an item is finally selected, the product information is displayed. At this point the user has the option to include the product in the shopping cart, continue to shop, or go back to the initial interface, as shown in Figures 4a and 4b 
Language Preferences
The system described above was used in an experiment to study how bilingual users exhibit language preferences in interacting with system. The details of the experimental design and test results are described in Gangopadhyay and Huang (2000) . From these experiments we developed several implications for future research and practice in global electronic commerce. Firstly, users clearly indicated that they preferred to use their ethnic language (Chinese, in this case) when searching for ethnic products because it is difficult to translate them into another language such as English. Hence although the unified content (Doherty, 1999 ) is easier to implement in a global electronic commerce system, it may not be a good strategy, from a user interface standpoint, for all product categories.
Another closely related issue is the level of understanding of the information presented for bilingual users. The experimental results indicate that the subjects performed tasks equally well in both Chinese and English when dealing with structured information. However, when dealing with unstructured information, there was a significant improvement in their performance when the language of interface was Chinese as opposed to English. While it will take more research to establish a relationship between language preference and information complexity, such research can render significant insights into the design of multilingual interfaces for global electronic commerce.
In multilingual systems that depend on word-for-word translation from one language to another, a lot of information may be lost during the translation process. For example, it is hard to tell the differences between "table" and "desk" in Chinese. In these cases, images may be helpful to present product information. It is also worthwhile to study the effect of multimedia information on user performance and satisfaction in global electronic commerce.
DESIGN ISSUES IN MULTILINGUAL SYSTEMS
One of the major problems in global electronic commerce stems from differences in language and format, disparity in catalogs, lack of flexibility in the way information is organized, and case-to-case translations (Leger et al., 2001) . Typically, there are several groups of users interacting with a multilingual system in global electronic commerce: manufacturers, content providers, and users. Manufacturers and content providers add new products, delete and modify existing product information, and maintain articles, descriptions, and other information about products. Users are the customers that interact with the system to gather information, search for specific products, and perform business transactions, including purchases and returns. In a system that supports multilingual electronic commerce, the content providers would like to manage the content in their own language but reach customers from many different nationalities, without having to deploy large translation resources. The users, likewise, would like to interact with the system in their own native language without having to worry about the location of the organization housing the system and their language preferences. There are several functions that have to be supported in this context: 1. Natural language interface: Since both content providers and users interact with the system in their native language, the system contains a natural language processor. In addition to extracting the meaning of the requests made by the users and content providers, the system must also be able to integrate and classify new product information using domain knowledge. 2.
Maintaining multilingual catalogs: Since the products and services that are offered must be made available in many languages, an automated language translator must be available to create and maintain catalogs in multiple languages. 3.
Business support: In addition to the above, support for special business transactions must be provided in multiple languages. Examples of such transactions include contract negotiation, product liability information, and copyright protection.
Ontology-Based Multilingual Support
Most of the recent developments on machine translation and natural language support in multiple languages make use of ontologies for modeling domain knowledge (e.g., Agnesund, 1997 , Leger et al., 2000 as well as linguistic knowledge (Mahesh et al., 1995; Bateman et al., 1994; Simons et al., 1995) . In addition to natural language support, ontologies are also being used in adding semantics to structured languages such as XML (e.g., Erdmann et al., 2001) . The main advantage of using ontologies is that knowledge can be captured in a languageindependent manner. Agnesund (1997) raises two fundamental questions for developing ontologies: how to choose the concepts in an ontology, and how to relate these concepts to lexical terms. There are several approaches to address these issues. For example, it is possible to choose concepts based on the lexicon of the langauage (Bateman et al., 1994) . In this implementation, if a concept has no lexical counterpart, it will not be represented in the ontology. On the other hand, concepts that have lexical counterparts will have a one-to-one mapping. This can lead to the problem that if a concept does not have a lexical representation in a language, then it cannot be translated into it. The other approach is to divide the semantics of a concept between the lexicon and the ontology (Mahesh et al., 1995) , where the language-specific knowledge is represented in the lexicon and language-neutral knowledge is represented in the ontology. The problem with this approach is that without a formal basis for choosing concepts the development of the ontology becomes unpredictable as new languages are added to the system. The solution suggested in Agnesund (1997) is to include language-specific knowledge into the lexicon, which then serves as the ontology.
In our methodology, choice of concepts does not pose any great challenge since the domain is fairly specific. However, linking concepts with lexical entries in different languages is still a problem, as there may not be a lexical counterpart of a concept in every language that the system supports. We solve this problem by adding a semantic entry to every lexical term. When a term or a phrase is translated from one language into another, instead of direct translation, it is transliterated through the ontology. This can provide a contextual foundation for the translation and can also accommodate situations where a certain word or phrase in one language may not have a counterpart in another language. To illustrate, let us assume that a retailer has a product called "Kung Pao Sauce" that is being sold through a multilingual electronic commerce system. The ontologial entry corresponding to this product would be as shown in Figure 6 . With this ontological entry, we can translate "Kung Pao Sauce" into Spanish as "Un listo utilizar sichuanestilo revolver-fríe la salsa," instead of just "Salsa de Kung Pao," which would have been a word-for-word translation. Furthermore, if the user searches for "Especias de Sichuan," or "Sichuan Spices," the system identifies "Kung Pao Sauce" as one of the possible products that the user is looking for. Once again, the search is facilitated with the help of the ontology.
System Architecture
The system for multilingual electronic commerce would typically consist of a natural language processor for each language supported by the system, a machine language translator, an ontology server, and a series of agents to facilitate interactions among the various components. The agents are used for mapping a natural language query into an ontological representation, integrating product and service offerings from multiple vendors Semantics: A ready to use Sichuan-style stir-fry sauce.
Superclass: Sichuan Spices
Subclass: None --into one composite system, and providing relevant feedback to the end user. One of the major architectural issues in designing such systems is to decide the extent and scope of ontologies used in the system. For example, it is possible to create language specific local ontologies, or language independent global ontologies, or a hybrid architecture. The advantage of having local ontologies is to be able to capture linguistic knowledge as well as emphasize language-specific terms and phrases for which there may not be any counterpart in other languages. Global ontologies, on the other hand, are more effective in capturing languageindependent knowledge, and linguistic domain knowledge is less emphasized. Wache et al. (2001) argue in favor of hybrid ontologies that can be designed to capture both languagespecific as well as language-independent domain knowledge.
The system architecture we propose for multilingual support is shown in Figure 7 , which is based on the hybrid approach. In this architecture, each source is described by its own ontology. The domain ontology servers combine the local ontologies using a shared vocabulary. Users specify their requirements in any of the languages supported by the system. The natural language processor extracts the intent of the query and passes it onto the appropriate domain ontology server, which then retrieves the result from the corresponding data source through the local ontology. Content providers, on the other hand, specify content specification through the appropriate data source in their preferred language. The local ontology is either created or modified and the shared vocabulary is modified accordingly. The system is currently under development to support five languages: English, Chinese, Spanish, French, and German. 
CONCLUSION
In this chapter we have described the design and implementation of multilingual electronic commerce. We discussed experimental results for testing language preferences for users based on the task and product characteristics. A bilingual electronic catalog has been implemented in English and Chinese and two applications have been developed: office supplies and food market. For each application, there are three methods that a subject can use to search for a certain item: browsing, directed search, and exact match using keywords. Through these experiments, we have established a linkage between language preferences and task and product characteristics in using electronic catalogs. We have also described issues in multilingual electronic commerce and suggested a methodology for using ontologies to provide multilingual support. We have described a prototype that is currently under development.
Future plans include conducting larger experiments with multilingual electronic catalog and identifying how the differences in language and culture affect the usability of such systems.
ENDNOTE
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